ABSTRACT: After technological processing of rapeseed significant amounts of useful and useless waste products stand out. The aim of the present study was to investigate the chemical composition, content of glucosinolates, microbiological safety, and presence of mycotoxins and heavy element contents of useful rapeseed by-products which are intended for animal nutrition. Feed components as well as complete mixtures for animal feed must be safe and in accordance with the requirements of the current national regulation. The investigated useful by-products contained significant amounts of proteins (21.80%) and fat (33.78%). As a part of the research, extrusion of the mixture containing rapeseed by-products and maize in the ratio of 50:50% was performed. The process of extrusion was carried out at 130 °C. Based on the obtained results it was noticed that the investigated extruded mixture is a convenient protein-energy supplement suitable for animal feed production with significantly reduced glucosinolate content (from 10.30 to 7.82 μmol/g). It was also observed that the extrusion of feed mixture led to the reduction of the number of microorganisms which ensures safe feedstuff for animal feed production.
INTRODUCTION
Worldwide, as well in Serbia, beside soybean cultivation, emphasis is given to cultivation of rapeseed (Brassica sp.). The largest producers are the European Union countries, Canada, USA, Australia, China and India (Kole et al., 2012) . This oilseed crop of extreme protein-energy potential, rich in nutritionally valuable components such as protein and oil, is also characterized by the presence of antinutrients, such as erucic acid and glucosinolates.
In the production of rapeseed, technological process after harvesting of rapeseed includes the process of cleaning before storage. After combine harvesting, cleaning of rapeseed impurities, as well of broken and immature grains that do not match the quality of seed grain is done. During the process of cleaning useful and useless waste stands out. Useful waste contains broken, incomplete and immature rapeseed grain, while useless waste make parts of the stem plants, organic and inorganic impurities, rotten grains and other. Finally, it is assumed that useful by-products from the processing of rapeseed are potential protein-energy crop plant source that could be used in animal nutrition.
Extrusion is a heat process used to improve the nutritional, hygiene, physicochemical, sensory properties, as well to inactivate present thermo labile antinutrients. Glucosinolates, which include more than a hundred forms of organic anions containing sulfur with -D-thioglucose unit, present the dominant antinutrients of rapeseed, which are present in both, rapeseed meal after oil extraction (Brown et al., 1991) and in the full fat feedstuffs from rapeseed . Numerous studies deal with partial thermolability of glucosinolates, or with the possibility of complete inactivation of myrosinase during the process of dry extrusion (Smithard and Eyre 1986; Fenwick et al., 1983) . Myrosinase represents the enzyme that catalyzes the hydrolysis of glucosinolates, with the formation of a series of toxic compounds, as well as of certain degradation of phenolic compounds by applying thermal treatment.
In our country, one of the most used processes in animal feed production is exactly extrusion process. It is used in order to partially reduce the total content of glucosinolates and total phenols present in different feedstuffs in order to obtain protein-energy nutrients with high nutritive value.
The aim of the present study was the investigation of the quality of rapeseed byproducts which remain after cleaning of rapeseed impurities, as well of broken and immature grains, and feed mixture based on maize and rapeseed by-products, and thus the possibility of its use for incorporation in animal feed. Moreover, application of adequate technological method for treating the mixture of maize and useful rapeseed by-products in order to save proteins to the greatest extent possible was also the goal of the study.
MATERIALS AND METHODS
The samples were analyzed for moisture content (AOAC 934.01), crude protein content (AOAC 978.04) and crude fiber content (AOAC 978.10). Additionally, rapeseed by-products were analyzed to crude ash (AOAC 942.05) and crude fat content (AOAC 920.39). 
Extrusion
As a part of the research, extrusion of mixture of the maize and rapeseed by-products in the ratio of 50 : 50% was performed. Mixture was prepared in a doubleshaft pedal mixer Muyang SLHSJ0.2A (Muyang Co., Yangzhou, PR China), after grinding raw materials in a hammer mill.
The investigation on the influence of thermal treatment on the mixture of maize and useful rapeseed by-products was performed in the pilot plant at the Institute of Food Technology in Novi Sad on an extruder manufactured by Amandus Kahl from Hamburg. The extruder has a capacity of 100 kg/h. Extrusion was conducted at 130 °C.
Data analysis
The one-way ANOVA analysis and t-test were performed to assess data differences between various treatments using Statistica software version 12 (Statistica, 2013). The data means were considered different at P<0.05.
RESULTS AND DISCUSSION
Results of chemical profile and glucosinolate content of maize and rapeseed byproducts are shown in Table 1 .
The investigated rapeseed by-products contained significant amounts of proteins (21.80%) and fat (33.78%) presenting in this way a convenient protein-energy supplement suitable for animal feed production.
The data on heavy element contents of the maize and rapeseed by-products is shown in Table 2 .
The obtained results showed that the contents of As, Pb, Cd and Hg in maize and rapeseed by-products were within the limits allowed by the requirements of the current national regulation (Pravilnik, 2010) which means that the investigated maize and by-products are safe supplements for animal feed production regarding the heavy metal contents.
The mycotoxin contents in maize and useful by-products obtained by rapeseed processing are presented in Table 3 .
Based on the mycotoxin contents in the tested by-products, as well in maize, it was concluded that the obtained samples meet the requirements of the current national regulation (Pravilnik, 2010) . Results on chemical profile and glucosinolate content of non-extruded and extruded mixture of maize and by-products obtained by rapeseed processing are shown in Table 4 . Based on the conducted investigation on the potential application of dry extrusion processing of mixture consisted from waste products of rapeseed in combination with maize, it can be noticed that the feed mixture prepared in this manner has showed satisfying nutritional and chemical profile with a significant reduction in the content of glucosinolates, which is approximately 24.08% (from 10.30 to 7.82 mmol/g). Reductions of total glucosinolate content (19-23%) was recorded by Smithard and Eyre (1986), applying the procedure of dry extrusion (135 °C) on a mixture of rapeseed and barley as well on mixture of rapeseed and sunflower meal, while the application of dry extrusion on rapeseed achieved reduction of glucosinolates content of 19% (Aumaitre et al., 1989) .
However, based on the fact that the heat treatment was used to improve the nutritional, hygienic, physical, chemical and other characteristics of the treated material, and, besides the inactivation of the thermo labile antinutrients, to increase the nutritional value of nutrients, enhance the sensory properties and provides microbiological safety of the final product (Verheul, 1997), determination of the application of extrusion is more than justified by the concept of the production of proteinenergy feed based on rapeseed. Sakač et al. (2006) investigated the impact of extrusion on glucosinolates content and total phenols of rapeseed. The process of dry extrusion of mixture of rapeseed and agricultural products is already known as one of the most common ways of thermal processing of oil crops, which results in the production of high-quality protein-energy nutrients Filipović et al., 2004; Filipović et al., 2005; Font et al., 2005) . This orientation is widely applied since the extrusion of rapeseed, due to high crude fat, prevents adequate heating of the material and leads to the appearance of oily extrudate susceptible to lipid oxidation (Smithard and Eyre, 1986 ).
On the other side, dry extrusion of mixture of rapeseed and agricultural products results in nutrients of greater sustainability, suitable for storage and composing with other nutrients (Eyre and Smithard, 1984) .
The microorganism count of non-extruded and extruded mixture of maize and byproducts obtained by rapeseed processing is shown in Table 5 .
Based on the content of microorganisms in the extruded mixture of maize and by-products obtained by rapeseed processing (Table 5) , it can be concluded that the investigated sample met the requirements of the current national regulation (Pravilnik, 2010) .
Moreover, during the extrusion processing of the mixture, reduction in the number of microorganisms was observed which provides hygienic safety of the extruded product, and is very important in terms of storage and preservation of extruded material ( 
CONCLUSIONS
Regarding the obtained results it could be concluded that rapeseed by-products are protein-energy nutrients appropriate for animal feed production. Regarding the re-sults on mycotoxin and heavy element contents in the rapeseed by-products, it was found that the obtained feed component can be safely used in animal feed production. Furthermore, microbiological profile, as well as chemical composition and glucosinolate content in the extruded mixture of maize and rapeseed by-products, indicated that the investigated mixture can be used in animal nutrition.
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